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SOME   THERMODYNAMIC   PROPERTIES   OF 
CASTOR OIL   VS  TEMPERATURE   AND  PRESSURE 

Prepared by: 
John M.  Stallard 

ABSTRACT:     Specific volume,   isothermal   compressibility,   and 
thermal  expansion of  Baker db-grade  castor oil have been 
computed from an empirical equation fitted to data obtained 
by the differential  transformer densitometer technique.     Data 
is  presented over a temperature  range of  0-40oC and a pressure 
range of   1-1000 bars. 
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NOLTR 66-68 14 April 1966 

This report provides high precision data on some thermo- 
dynamic properties of a fluid which is widely used in filling 
Navy transducers, namely Baker db-grade castor oil.  The 
measurements were requested by the Underwater Sound Reference 
Laboratory, Orlando, Florida and funded under Castor Oil 
Characteristics, Task No. NOL-855/USRL.  The report will be 
of interest to anyone concerned with the use of pressure 
transmitting fluids in underwater sound transducers. 

J. A. DARE 
Captain, USN 
Commander 

T. F./JOHNSTON 
By direction 
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INTRODUCTION 

Castor oil is used as a coupling liquid between transducers 
and the sea in various acoustic devices. Some specific volume 
data as a function of temperature at atmospheric pressure'1)'2), 
and some data as a function of pressure at 40oC^2' are available, 
but a more complete reference for specific volume as a function 
of both temperature and pressure is not available.  The wide 
use of castor oil in acoustic devices indicates that a more 
thorough knowledge of the thermodynamic properties of this 
liquid will be of value. When coupled with sound velocity data, 
this data can be used to determine acoustic impedance of castor 
oil as a function of temperature and pressure. 

EQUIPMENT 

The differential  transformer densitometer used  for specific 
volume measurements  is described  in detail  in  reference   (3) . 
However,   since  that  report was written the calibration equation 
has been changed from a parabolic  in temperature,   T,   to a cubic 
in T.    The new calibration equation  is discussed  in  the Theory 
section of  this  report. 

The  instrumentation  required  for monitoring and controlling 
the  physical  environmen      >f  the  densitometer is described  in 
reference   (4) .     Since  tii^c   report  the  pressure measuring 
instrumentation has been  improved.    A pressure  sensitive manganin 
cell  constitutes one arm of  a Mueller resistance bridge.    The 
output of  the bridge is amplified by a photo-electric galva- 
nometer and  then monitored by a   spotlight  galvanometer.    This 
equipment provides measurement  of  pressure to 1/4  of  1 psi over 
the  pressure  range  of  14.7  to  15000 psia. 

PROCEDURE 

The bath surrounding the differential transformer 
densitometer was brought to the desired temperature and allowed 
to remain overnight. The system was then pumped to the desired 
pressure and allowed to stand for thirty minutes so that the 
densitometer and contents could return to bath temperature. 
The data for that particular temperature and pressure was then 
recorded.  In this manner, measurements at a particular 
temperature were taken over the pressure range 14.7 - 14000 
psia in 1000 psia increments. The procedure was repeated at 
50C intervals from 0 to 40oC. 



NOLTR 66-68 

r 
i 
' THEORY 

Tlie differential transformer densitometer has been 
calibrated to relate specific volume to a length measurement. 
The secondary of the transformer is wound on a shaft which is 
spring loaded against a bellows that contains the test liquid. 
As pressure and(or) temperature change(s), the liquid in the 
bellows expands or contracts, causing the secondary to move 
relative to the primary, and a change in output from the 
transformer occurs.  An exact replica of the differential 
transformer is contained in a separate housing and its secondary 
is mcved by means of a micrometer screw.  The outputs of the 
transformers feed opposite arms of a diode bridge.  Thus a 
movement of the bellows can be measured quite precisely by 
adjusting the micrometer screw for a null in the bridge detector. 

Specific volume data for dis -liej water(5) (G) (7) (8) (9) 

was used in the calibration of the densitometer. The relation 
between the specific volume of distilled water and the length 
measurement determined by the position of the bellows was 
represented by 

v = f (T,P) + BjL (1) 

where v is the specific volume of distilled water in cm /g, 
f (T#P) is a function of temperature and pressure, B. is a 
constant and L is the micrometer reading in inches.  A series of 
measurements were made using distilled water in the densitometer, 
and vaiu.^ for L were recorded for temperatures and pressures 
within tjie specified range.  The method of least squares was 
used to fit the observed data to equation (1). The best fit 
was found to». 

f(T,P) =B0fB2T+B3T
2+B4T

3+B5P (2) 

where T is the temperature in 0C, P is the pressure in bars, 
andBo, B9, B.,, B and B,. are constants. Combining equations 
(1) and U2)1       4     b 

v =B0+B1L+B2T+B3T
2+B T3+B5P . (1«) 

Values for the B ' s are given in Table I. 
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The  total  volume of  the  densitoroeter was then determined 
by the equation 

V =   B« + B'L+B'T+B'T2+B'T3+B«P (3) U       1 z J 4 D 

wher^ B' = M B , V is the total volume of the densitometer in 
cm^ and'Vl is tRe mass in grams of distilled water in the 
densitometer.  The volume of the densitometer is thus known as 
a function of temperature, pressure, and micrometer reading. 

Measurements were then taken for castor oil over the 
specified temperature and pressure range. The values for 
specific volume of castor oil were calculated using the equation 

v  « r^- (4) 
CO   M 

CO 

where v       is  the  specific volume of castor oil  and M      is the 
mass of     the  castor oil  contained  in the densitometef. 
Rearranging terms, 

V        =  zr~   (B^+B'L+B'T+B'T^B'T^B'P) co       M        ü     1 2        3 4 5 
CO 

= p~(B0+B1L+B2T+B3T2+B4T3+B5P) 
CO 

«   R^j+B  L+B2T+B3T2+B  T3+B  P) (4') 

where R  is the  ratio    M     . 
Mco 

Obtaining R by direct methods proved unsatisfactory,   due 
to the   relatively large mass of  the densitometer   (-- 500 g) . 
A heavier,   less precise balance  had to be used,   so that the 
difference between the  full  and empty weighings,   i.e.,   the 
mass  of   the   liquid  in the  densitometer,   was  not known  to the 
desired  precision.     It w^s  decided to obtain  R by the pycnometer 
method.     The   specific volume  of  castor oil  was  determined by 
this methcd(lfr)   and found to be 
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3 
v       =   1.04845 +   0.00003   an /g 

co ~ 

at   29.120C and  one  atmosphere pressure.    The micrometer  reading 
from the densitometer measurements  at this temperature  and 
pressure was  put  into equation   (4')   along with the   above value 
of v    ,   and R was determined to be co 

R =   1.04036   . 

For the purpose of obtaining values of the specific volume 
of castor oil at even temperatures and pressures, and to smooth 
the data,   the  observed values were  fitted to the  equation 

2 3 2 3 V =   A.+A-T+A-T +A.T  +AeP+A-PT+A,vPT +A0PT 
1ZJ4 DO I o 

+A9P2+A10P2T+A11P^r2+Al2P3+A13P3T (5) 

by the method  of  least  squares,   where the A   's are  constants. 
Table II  contains values for the A   's. n 

The thermal  expansion  is  given by 

a ^ v ^Ty (6) 

and the  isothermal  compressibility is  given by 

Thus thermal  expansion and  isothermal  compressiblity were 
obtained by differentiating equation   (5) . 

DISCUSSION 

The castor oil   used in this  experiment.   Baker's  db oil,   is 
manufactured by the BaXer Castor Oil  Company,   Bayonne,   New Jersey. 
Their brochure Ul)   lists the chemical   composition  as being 
"approximately 85% Triglyceride  of  Ricinoleic Acid".     The 
International  Critical Tables(2)   lists data on a castor oil 
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consisting "largely (of) glycerides of ricinoleic and 
isoricinoleic acids, with small amount saturated acids". Del 
Grosso^) lists data for "Baker castor oil" whose properties 
are close to those in the brochure mentioned above. The present 
data will be compared to these two references.  It is to be 
emphasized however that such terms as "85%" and "largely" do 
not specify the composition of thf» castor oil to a close enough 
degree to expect agreement to within the precision of the 
measurements taken. 

Specific volume, thermal expansion and isothermal compress- 
ibility  data are given in Tables III, IV and V respectively. 
Specific volume vs temperature and specific volume vs pressure 
are given in Figures 1 and 2 respectively. 

Comparisons with other data are given in Tables VI and 
VII,  Table VI compares the densitcmeter data with that of 
Hubl from the Critical Tables^2' and Del Grosso(^ at atmospheric 
pressure. Table VII compares the densitoroettr data with that 
of Kahlbaum and RSber^2) as a function of pressure at 40oC. 

As can be seen in Table VI, the densitcmeter data agrees 
quite closely with Critical Tables data, differing on the 
average by 3 parts in 10,000, Del Grosso's data is, on the 
average,, some 7 parts in 1000 higher over the range. 

In Table VII, con>parison with Critical Tables data shows 
a nearly constant difference of 6 parts in 1000 for data over 
the pressure range. A comparison of the value from the Critical 
Tables at 40oC, 1 atm, given in Table VI to that in Table VII 
shows the two values differing by 5 parts in 1000. These 
values from the Critical Tables are from reports by different 
experimenters, supposedly on the same type of castor oil and 
serve to illustrate the scatter in available specific volume 
data. 

The accuracy of the densitgmeter method used is, of course, 
limited ultimately by the data^5) <6' W (*> ^   used to calibrate 
the instrument. Even so, it is difficult to estimate the 
accuracy of the densitometer castor oil data due to the fact 
that there is a considerable spread in values from the literature 
and the belief that the present data and earlier data could 
very well be from different types of castor oil. 
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The ability of  the  instrumentation to measure temperature, 
pressure and bellows  position warrants a  claim of precision 
of   1  part  in 10,000.     One should be   careful,  however,   in 
applying precision data to a given castor oil,   due to  the 
differences among types. 
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TABLE  I 

COEFFICIENTS  FOR EQUATION   (1') 

Coe f fIcient Value 

0.782948 

0.43132 

3.30459  x  10"5 

-7.54645   x  10"9 

4.10121   x  10"9 

-3.133  x  10"7 

Bo 
Bl 

B2 

B3 

B4 

B5 
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TABLE   II 

COEFFICIENTS  FOR EQUATION   (5)   FITTED 
TO  SPECIFIC  VOLUMk;   DATA 

Coefficient Value 

Al +1.02714 

A„ +7.03806  x   10"4 

A3 +9.65911   x   10"7 

A. +3.04471   x   10"9 

4 

A5 -4.90916  x   10"5 

A6 -2.63300  x  10"7 

A7 -4.04224  x  lO"10 

Ag -8.77192 x  10"12 

Ag +1.47088 x   10"8 

A;L0 +9.18117  x  10"11 

^ +3.59139  x  10~13 

A12 -3.63370  x  10~12 

A, . -1.65674  x   10"14 

0 
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TABLE  VII 

COMPARISON  WITH CRITICAL  TABLES  AT   40  C 

1  Bar 1.0570cm /g 1.0621cin"Vg 

100 1.0511 1.0569 

200 1.0456 1.0517 

300 1.0404 1.0466 

400 1.0355 1.0420 

500 1.0308 1.0374 

600 1.0264 1.0332 

700 1.0223 1.0289 

800 1.0183 1.0248 

900 1.0145 1.0207 

1000 1.0109 1.0171 

-0.0051cm /g 

-0.0058 

-0.0061 

-0.0062 

-0.0065 

-0.0066 

■0.0068 

-0.0066 

-0.0065 

■0.0062 

•0.0062 

v.   = Specific volume by densitometer method 

V2 = Specific volume  from Critical  Tables 

A = v,   - v0 

(2) 
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FIGURE I.   SPECIFIC VOLUME VS TEMPERATURE 
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